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NACA ARR No. ESH13
NATIONAL ADVISORY COMMITTEE FOR ARRONAUTICS

CYLINDER TEMPERATURES COF TWO LIQUID-COOLED ATRCRAFT CYLINDERS
FOR VARIOUS ENGINE AND COOLANT CONDITIONS

By Eugere J. Munganiello and Everett Bernardo

SUMMARY

As a supplement to en investigation of the cooling character-
lstics of a multicyllinder liguid-cooled englne, tests were conducted
wlth two llguld-cooled cylinders In order to lsolate the effects of
the varlous onglne end coolsnt varisbles on cylinder temperatures
and to obteln englne-cooling datle reguired for a fundamental study
of the hwvat-transfer processes ln liquld-coolud englnes.

Cylinder temperatures wexe obtalned for a large range of englne
speeds, marifold pressures, carburetor-air tempsraturos, fuel-alr
ratios, spark advances, coolant-flow rates, averuge coolant tempera-
tures, and coolant prussures with water and AN-E-2 othylene glycol
end other ethylens glycol-wanter mixtures as coolants.

The results Indicate that tho average cylinder temporatures
Increased neaxly linsarly with charge-flow rate (alr plus fuel) and
indiceted horsspover, increased a relatlvely small amount for an
Increase ln carburetor-alr temperature, increased raplidly at a con-
stant charge-flow rete as the fuel-air mixture was enriched to a fuel~
air ratlo of 0.067 and dacreased with further enriching, increcased
rractically linearly wlth un ircrease in spark advance from 20° to
42° B.T.C. but changed less rapidly from 12° to 20° B.T.C. The average
cylinder temperatures also decreased a relatlvely small amount for an
increase in the coolant-flow rate of most of the solutions used,
increased nsarly lirearly with an increase in the average coolant tem-
perature, and increased slightly with an increase in coolant pressure
but only et the high cylinder temperatures. In additlon, the results
showed that the average cylinder temperatures were lower when using
water or the more agqueous ethylene glycol solutions than when using
AN-E-2 ethylens glycol.
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The numerical relations obtalned hetween the cylinder temper-
atures and each of the varisbles investlgated were dependent upon
the valuea of the other engine and coolant ccnditions under which
the particular variabie was investigated.

INTRCDUCTION

Recent and projected improvement In the powsr output of liquid-
cooled alrcraft engincs has !ntroduced the problem of reducing
excessive cylinder temperatures and has restimulated research in the
cooling of liguid-cenled engines.

An experimental Investligcation of the cylinder temperatures
oxisting 1n a liguld-cocled engine l1s reported la reference 1, which
presents results for sevoral coclants showling tke effect of cooalant
temperature and coulaut-flow rate on cylinder-head temperature.
Tests in which the effect of coolant pressurs was also investligated
wore conducted at Wrigkt Fiold (Memo. Rep. Ser. No. ENG-57-523-218)
in 1843 on a Contincatal Hyper No. 1 cylinder. Tn ths tests of
referonce 1 the cylinder-hesad temperature was measurvd at only one
lceaticn, but In the teste with ths Contincental cylinder a more
complote survey waa made. In nelther case, however, was the effect
of such varlables as engins gpecd, manifold pressure, cerburetor-elr
temporaturs, fusl-air ratio, and spark advance investigated.

The tests reported horoln weres conducted as a supplement to an
inveatigation of the cooling charactiristics of a multicylindor
liquid-cooled engine in ordur to isolate the effocts of the various
engine and conlant variables on cylinder temporatures and to obtain
engine~cooling data requirod fur a study of tho fundamental hoat-
transfsr processvs in liguild-cocled enginus.

The preavnt Investlgation was conducted by the NACA at Cleveland,
Ohin during tho winter of 1945 end thu spring of 1944 with two modi-
fled Lycoming 0-1230 liquid-couled cylindvrs. Cylinder temperatures
were obtalnsd for a range of cnglne spesds, manifold prussuros,
carburetor-air tempoeratuarcs, fuvl-alr ratios, spark advancses, coolant-
flow retos, average coclant temperatures, and coolant pressuros at
etmegpheric uxhaust back pregssure with wator and AN-E-2 ethylene
glycol and othur ethylone glycol-wator mixtures as coolants.
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APPARATUS
Tast Eq_ui.ﬁment and Ceneral Measurements

' The general arrangement of the test setup is shown ln figure 1.
Two Lycaming C-1230 cylinders with 5%‘---1:1011 bores, 5%-1nch strokes,

d 7.6 compregsion ratios werse used jin these tests. ' Although a
414-:lnch stroke 1s normally used with Lycoming 0-1230 cylinders, the

available crankshaft predicated a sil-inch ptroke. In order to

acconodate the longer strcke, the barrel was extended by means of
an adapter. Xach cylindsr was tested cn a single~cylinder test
stand squipped with standard accessories for determining engine
speed and brake horsepower and wes enclosed In an asbestos-lined
bex in order to reduce heat loss to surroundings other than the
coolant. The valve timing used with an Iintake-valve tapnut clear-
ancs of 0.013 inch (cold) end an exhaust-vaive tappet clearancw of
0.016 inch (cold) was as t'ollows:

Intake valve opens, degreos B.T.C. . . . . . .« + « +« ¢ « . . . 30
Intake valve closes, degraes A.B.C. I - [
Exhaus® valve opuns, degrocs B.B.C. . XS
Exhaust valve clusos, degrees A.T.C. . . . . . . « . « ¢« . » . 67

Fuul consunptlon vas measured with a callbretod rotamster and
alr wes meter.d Lo the carturetcr by means of a Flangu-tap orifice
installed according to A.5.M.F, spucifications. Elcctric heaters
installed upatresam of tke carburctor were uscd to vary the carburetor-
air teapcrature. The a.r tsmreraturs ves measured both in frent of
trhv orific. and at the intaks manifold. All temperature measuremsnts
wure made with iroa-constantan therumocouplios in conjunction with
vither a portablo-type potenticmetur or a seslf-balencing indicating-
typu pntenticmeter.

tallatiun Dctalls of Cylinder A

Barrel modifications and thermocouples. -~ On the first cylinder .
tostud, cylinder A, the barrvl coolant Jacket was modified in order
to separatu the head und the barrel coclant flows. Flgure 2 is a
diagrem showing the modifications and the thermocouple installation.
The original baerrel coolent jJecket was machined to within 3/8 inch
of the top sealing band. Thu coolant-transfer passages between the
hcad and the berrel coolant Jackets wore pluggod and two rows of
feour thurmocouplos () to 8) were spot-welded at 90° intervels around
tho outslde of the barrel. The thermocounle junctions wore coated
with sevural layers of insulating vernish and baked in ordor to




4 NACA ARR No, I'GH13

reduce errors arising because of conduction loss to the coolant.
The thermocovple leads werc insulated both from each other and
from the barrel wlth flexlible glass sleeving. The modified coolant
Jacket was tren welded 1n posltion with the thermocouple leads
travoresing the Jackst, ar shown in figure 2.

Head thermoccuples (eas siggl. - In the bead of cylinder A,
15 thermocouples (9@ to 25) were ineialled approximately 1/8 inch
from the Inner wall. hermocouples 9 to 12 were located where the
Lead and the bar:el are Joined and are referred to as "interme-
dlate"” thermccouples: thermocovples 13 to 21 were installed in the
cambustion chamber proper; thermocouple 22 was lccated on tho exhaust-
valve guide and thermocouple 23 in tlie top portlon of the exhaust
pert.

The methods used fo: installing-the gas~slds head thermocouples
are illustrated in figures 3(a) and 3{b). The tkermocouple Junction
in the sclid porticn of the heed (fig. 3(a)) was peened into the
metal at the bottom of a 1/8-inch drilled hole. Alundum tubing
having twvo passages, one for each load, was %thon inserted to pre-
vent the leads from contacting the sldes of the drilled hole. The
alundum insulators were secvred by peaning metal Into a groove
around the lnsulators.

Figure 3(:) shows the meth~d used when 1t was necessary for
tho the mzcouple wires to cross a c-olant passage. A brass screw
plrg brldged tie passage and sc:ewed into the lmner wall. The thermo-
ccuple Junction was then peened int> the metal at the bottom of a
1/8-1inch drilled h-le, and the leads were insulated wish alundum
tubing. A scaling wosher and a nut vere screwed on the outer end of
the sleeve t:> provent leakngoe past the thrcads,

I'oad thermoccuples (licrid side). - Fou= thermocovplos (24 to
27) wore iocatod cn tho liguld-side surface of the combustion-chambor
wall by the meth-d shown in figure 3(cj. A brass screw plug was
threoadel through tho coolant Jackcts wall and forced into a circular
nrocve In the outer surface cf the combustion-chamber well, Tho
thermocouplo was then Installed as shovn in figure 3(b), oxcept that
the Junction was peened into the metal within 1/8 inch of the liquid
surface.

Installation Detalls of Cylindor R

The socond cylinder tostod, cylindor B, diffored from cylin-
dor A in that tho barel Jacket end the coolant-flow paths wors not
altored. Cylinder B was tcstod bucause it was suspected thot a
crack had dovoloped in the hoad of cylinder A buforo complotion of
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the tests and that exhaust gas was leeking into the coolant system.
Filgure 4 is a dlagrem of c¢ylinder B Iincluding the thermocourle
installation. The thermocouple installatlon was the same as that
used in cylinder A except that no thermocouples were installed on

‘the barrel ahd that four single thermocouples (28 to 31) were

installed 90° apert around the head directly above the coolant-
transfer holes connecting thu head and the barrel coolant passagss.

Cooling Systems
Cylinder A. ~ Figure 5 1s a diagram of the cooling system used

with cylinder A showing the location of the coolant thermocouples
anfl the pressurs gages. The coolant flow was dlvided at the cyl-

. inder, part going through the head Jacket and the rest through the

barrel. Jacket. Tho coolant-flow rate was measured with rotameters
that had been calibrated ovur a range of coolant temperatures for
the various liguids used. Ths 1nlet tempereture of the coolant was
controlled by means of a mixing-valve-type temperature regulator.
Four thermczouples wure dlstributed across the plpe diametor of sach
1nlet and outlet coolant line, within approximutsly 3 inchus of the
engine, fcr measuring tho average fluld temneratures. The mothod
uged for instelling these thermocouples is srhown in figurs 3(d).
Inasmich us each sst of four thermccouples was connected in serles,
the raading obtulned was four times that of an average temperature
indication. ZXach set in the inlet and outlet coolant lines was also
differvntially comnsctad in order to moasure dirsctly the temperature
risv of the coolant in flowing through the head and thc barrcl
Jackots. The Junctions of all thu coclant thermocoaples w.re coated
with an insulating varnish to redluce the possibility of introducing
an error, caused by olictrolytic action, in the tumpuvratur.s lndicated.

Cylindur B. - The coolant system used with cylindor B is shown
in figury 6. The system 1s tho ssme as that used with cylindor A
excopt that the flow was not divided at th. cylinder and both the
bariel outlet and the hoad inlet coolant tumperstures wors cbtained
by means of four single thermocouples (28 to 31, fig. 4). Thass
thurmocouplss werv also used in conjunction with the barrol inlet
and the head outlet thermopiles in order to dotermine the temperature
rise of tho coolant in flowing through the barrol and the head
Jackets. In additlion, the two thermopilee woro differcntially con-
nectod In order to msasurs dlrectly the over-all temperature rise of
the coolant.
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Coclants

The coolants nsed were water and AN-E-2 ethylens glycol and
nominal (by volume) 70 percent-30 percent and 30 percent-70 percent
othylene glycol-water mixturea. The spoecification of AN-E-2 ethylene
glycol on & weight basis 1s 94.5 percent ethylens glycol, 2.5 percent
trlethanoiaminos phoephate, and 3.0 porcent water, but for convenience
AN-E-2 ethylenwv glycol will be roforred to as a "nominal" (by volums)
97 porcent-3 pevrcunt glycol-water mixture.

METHODS AND TESTS
Testa Conducted

Tuste wore conducted over the following range of condltions:

Engine spued, rp . . . . . . ¢« - . . .+« . 4 . . « « . 1C50-2760
Manifolé pressure, inches of morcury absolute . . . . . 21.0-39.0
Cerburctor-air tumpuratury, P . .. . ... . . BD-222
Fuel-air ratio . . . « + e« e e s s e s s e« 0,048-2.121
Spark advancu, degruos B T.u. e e s e e e e e e e e e . l2-42
Coolant -flow rate, pounda pcrdminutc e e e v s e s . . 10.04128.3
Average coclant tempereture, "F . . . . . . . e » « 90.0-311.C
Coolant pruvesuro, pcunds psr squares Ilnch abscluta e+ 0 . . 17-75

In order to laclatw the effoct of the ungine and the coolant
variables on cylinder temperaturvs, one item was veried 1n each
test whils all othurs were nmalntaineld approximately constant. More
tosta thau wore necessary to eatablish the effoct cf the variables
werc mads 1n order to chock thu rusults as tho tosts progressod.
A surmary of tho tusts conductod is vresuntosd In table 1. Run num-~
bers arv given for convenionce in using large coriginal data tablus,
vhich are not Included in this rcport but are avallable upon request
from the National Advlsory Committue for Azrcnautics.

Atmoaphuric ezhaust pressurc was malntained throughﬂut tho
investigation. A spark advancs of approximatuly 28% B.T.C. was used
in all «f the tests excwpt the variable spark-advancu tosts and a
carburetor-air temporaturs of appruximately 80° F was used except in
the tests in which it was thu variablu. Tho curburetor-air flow was
maintalnod approximatoly constant n all «f tho tests except those
in vwhich clthur tho spoud cr thou manlfold pressure wes varisd. In
most of the verisble-speud tests the munifold pressuru was held con-
stant, which resultod in slight variatlons of indicatud moan uvffuctlve
nregsur.. In a few of the variasblu-speoed tuste conducted with cyl-
inder B, howevur, the manifold prusoure was zdjusted to melntaln an
anproximately constant lndicated mepn offectlive pressurc.
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The pressure on the coolant was varled by applylng compressed
air to the top of the expansion tank through the vent line shown
in figures 5 and 6. A bleed valve in the vent line was used when
runs wore made at atmospheric pressure. The coolant-pressure values
preaented in this report are the values recorded on the ocutlet side
of the cylinder because tkat pressure was the lowest in the cylinder

coolant Jackets.

Frilction horsepcwer was determined at intervals throughout the
tests by motoring runs, which were conducted at the values of engine
speud, manifold pressurs, and oil temperature that were maintalned
during the power testa. Tho oll supplied. to.the angine was main-
tained at an approximatsly constant temperature of 160° F.

The ethylene-glycol concentration of the coclants was deter-
mincd fram the bolling point aind the spscific gravity of sarmples
taken at inturvals throughout the teats.

Calculations

Heat reJlection to coolant. - The heet rojected to the coolant
was obtalned frum the product of the covlunt-flow rate, the tempera-
ture rieuv of the coclant in flowing through the cylinder Jackots,
aend the speciflc heet of the coclant ut the average coclant tumper-
aturv. Values for tha aneciflc hsuto of the coolants wure obtained
frum refuvrencoy 2 und are plottod in figure 7 as a functicn of
tomperature.

Hoad. barrovl, end total huet-rejection valuvs were calculated
for cylindur A. Only the total heat-rejoction values, howuver, wurw
calculatud for cylinder B because of the inaccuracy of the tempera-
turo indications of thormocouples 28 to 31.

Temporature averagos. - The avoregy hoaed and the average barrel
coolent tumperalurvs worc tekenm as tlhe arithmetic mewan of tho coolant
tomperatures msasured at the inlut and the outlet conlant lines of
the hoad and the barrel, rospsctively. Averago cylinder temperatures
were determined by averaging all tho temperaturss obteined fram thu
thormocouples located in each particular portion of the cylinder.

Tho following tablv liste the thermocouples used for calculating each
of the averagou cylinder tomperatures used herein. (Swe figs. 2 and 4.)
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Average temperature Cylinder Thermocouples

Head (gas side) A and B 13-21
Head (ligquid side) A and B! 2427
Barrel (1liquid side) a2 1-8
Tntermediate Bd 9-12

1Thermocouple 26 was damaged. in cylinder B.
?Barrel thermocouples were not installed in cylinder B.
SIntermodiate thermocouples were damaged in cylinder A.

For convenience thuv average hoad (gas-side) temnerature will
be refcrrvd to as the "howd" tumperature and the average head
(1iquid-side) temperaturs will be refirred to as the "llguid-side
head" temperature. For that portion of the cylinder where the huad
and tho barrvl zrc Joined the average temperature ls rovresonted
by the "intermedlate" temporaturc.,

The liquid-side head temperature me; not be representative of
the ontlre head because of the pmall numbor of thormocouplus used.
Thu barrcl temperaturn should bs cunsidered cnly as roughly reprosen-—
tative ar' the true average larrcl temneoraturc because of possible
orrcrs introducud by the cunduction of heat from the thermocouplo
Junctions to thu coolant.

RESULTS AND DISCUSSION

A surmary of data from cylinder A and cylinder B 1s prusentud
in the origlnal data tebles (available un request).

In almoust evory test the mexlmum observed cylinder tumperatures
occurred at thurmocouvle 21 loceted 1n the conter of ths head between
the valvos and at thermocounls 5 located on the top portion of the
barrel on tho exhaust snd antithrust side. The terperatures obtained
from thesc thermocouplos arc thorcfore listed as maximums throughout
the original data tables.

Effect of Engine Variablos on Averagu
Cylinder Tumpuraturos

Figarea 8 to 15 show theo offuct of tho vurious ongine varlebles
investigated on thu average cylind.r temporaturos. (The average
cylindor tumpecraturcs aro tho head and the barrel tumperaturvs for
cylinder)A and the hoad and the Intermediatu tumporatures for cyl-
inder B.
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Indiceted horsepower and charge-flow rate. - The effect of
charge-flow rate (air plus fuel) and indicated horsepowsr on average
cylinder tempsratures is prosented 1n figure 8 from tusts comductoud
. with cylindor A usling AN-E-2 cthylene glycol as a c.oo.l.a.nt Thr.a hoed
and barrel temperatures increascd approximetely 1.7° F and 0.7° F,
regpectively, nor mnit incrense 1n indicated horsopower. The ]inoa.r
variation in cylinder temporatures with indicated horsepowovr 1s
approximately tho same, irrespectlive of whother thev change was
obtainsd by varying tho svecd or the menifold pressuro. The linsar
rclation obtainud botwuon the indicated horscpower and thoe welght of
charge-flow rate le shrwn in figurs ¢ and obviousl; Justifive thu
double abeclssa scale used in figur. 8.

Sinilar rosults ars prosontcd in figurvs 10 and 11 from data
obtainnd with c¢ylinder B wlth wu.tur a8 & coolant. Thou hoad tompor-
wbure lncrosand dpprc.xima'boly 29 F und thoy intermediate t.mpora-
turs aprroximetely 9, 6% P por ualt incroaso in indicnted horsevowor.

Carburstoer-pir tumpurature. - Thuy rusults of two tssts conducted
with cyllndcr A ot difforent veiues of indicatud horsupowee tc doter-
min~ the offwct f cerburvtor-a.r tmpoeratur wn avereage cylinder
tumeratures wro prosent.d in figaro 12, The change in cyllind.r tem-
prraturcs was rolativoly amill; aa Iacrunes «f 150Y F in tho curburctor-
elir tomperstur: resultd ln on -nc“uuu'., Nt aoproximaboly 11° F In th.
head temporatur.s and anprrximet:ly 32 F in th. burrcl tumpuraturs.

Fuel-oir ratio. - Figures 1% and 14 show the .fivet «f fusl-air
Tutlc on tho uvoragu cyliuder tupmeruiursa, ns dutcrminud from toste
conduct.d with cylindur A :nd c;lind.r B, reapectivelzy. The coulents
uecd were AN-B-2 othylunu glycol with cylinder A and watier with cyl-
inder B Thu chorge-flow rate wus meintauin..d approximatuly constunt
'n vech tost. The highost cylinder temmircbures wer: ebtuined ot o
fuol-air retio of approxuvmt.ly (.087, which is in the reglon of the
chomleally corrwet mixture. Tho 4:erccs.s in tumporsturo with n
d.viaticn Jn tho fusl-iir ratio from the chomicully corruct mizture
is mere ranid 1n the lesn range thon in thy rich range. Tho upprox-
imots changus n avarano cylinder temp.rnturus resultlng fraom e change
in fuvl -air rotic from 0.047 to 0.067 and from 0.067 to 0.117 aro
tabulatud:

Avcrogs tompurature chsngo, °F
Fuol-alr-ratlel Cylind.r A Cylindur B

chongu (fieg. 13) (flg. 14)
Hoad | BarreliHood jInturmudiate
0.047-0.067 | 48 15 | 44 15 )
.087- 117 | s& 26 | 45 15




10 NACA ARR No. ESHL3

Svark advance. - The variation of average cylinder temperatures
with spark advence 1s shown 1n figure 15 ca obteined from tnsts con-
d.uctod with cylindor A. As tho spark was rotarded fram 42° to
20° B.T.C. ., the cylindor tomperaturcs docreased. Bolow this point
thce head tempeoraturos begon decrecasing at a slower rate and the
berrol tamporstures buvgan inerersing. The ra.to of changu of the
head end berrel temporuturcs from 429 to 20° B.T.C. was approxi-
nmetely 1. 7° P and 0.6° F, respectively, pcr degreo chongo ln sperk
advenco.

Effeet of Coolnnt Veriablos on Cyllinder Temporatures

Flgurcs 16 to 22 show the cffuct of the vorlous coolent veri-
ablees invoestigated on the cvernge cylinder tomporaturcs. Although
the offvcts of soveral varlablos are shown in each filgure, thoy will
be discusscd severately in tho succueding paragreaphs.

Cuclart-flow rotu. - Taste wore confuctod with cylinder A and
repectod with cylindor B =t diffor.nt conditions of indicatsd horso-
nower nnd cverage coolunt tomporsture to dvbormino the offect of the
coolant-flow rato of four difforcnt coclants on averages cylindor
tempuraturca. The results of thuao tuste arc shown in figuros 16
and 17. 1In all the tests, the cylindcr tomperaturcs docronsed with
2n Incrcaso in the coolent-flow rete; docrunse was greatur at the
low flow retos thun at th. high.

Thy 2avernge changes in hoad ond Intermodiate tomperctures
rosultlng from cn lncrvnge in hend coolant-flow rate fram 55 to
125 pcunds por minute and the average chmnge in barrel tumporature
reaulting from an incrousy 1z borrsl coclant-flow roetc fram 15 to
45 oounds per minutc are tabalwtod os followa:

Avorago temporsturu changu, °F
Chenge in{Cooiunt, alycol-wator, purcont
coclont- by volumo

Flow ratol™ g7.3 [ 70-30 | 30-70 | 0-100
&Cylindur A (fig. 16) b
Ho=d 55-125 37 21 14 13
Barrel 15-45 36 26 b1z 8
CCylinder B (fig. 17)
Hzad 55-125 30 22 19 17
Intcrmedianto 55-125 19 11 9 7

3Test conditions: ihw, 55; average coolant tcompuraturo,
135°-201° F; coolant prussurs, 19 1b/sq in. absolutc.
o coolont wne =2ctunlly 38 porecunt-62 porcunt glycol-water.
CTost conditions: 1hp, 47; averege coolant tempecraturo,
125° F; coolent prosauru, 19 1b/sq in. absoluto.



NACA ARR FNo. ESH13 11

The data presented 1n flgure 16 are not directly camparable
wlth those in figure 17 because of the differeaces in the oper-
ating conditions under which the data were obtalned.

Average coolant temperature. - The variation of average oyl-
inder temperatures with average coolant temperature for four 4if-
ferent coolants 1s shown in figures 18 to 21. The data were
obtained from tests conducted with both cylinder A and cylinder B
at two different conditlons of indicated horsepower, head coolant-
flow rate, and head coolant pressure. The cylinder temperatures
increased approximately linearly with the coolant temperature for
most of the coolents tested; however, same of the head temporatures
increased slightly more rapldly at the high coolant temperatures
than at the low temperatures.

The average changes in average cylinder tempuratures per degree
Fehrenhelt change in average coolant temperature as obtalned from
figures 18 to 21 are presented in the followlng table:

Coolent, Slope

glyccl-  |8cylinder A|®Cylinder B |PCylinder A|°Cylinder B

vater (fig. 18)| (fig. 19) (fig. 20)| (flig. &1)

(parcent Ho 3 Eerrol |Head |Intor- |Hoed [Barrel|Huad |Tnter-

by voliume) s nedlate mediato
97-3 0.66| 0.es lo.es| 0.79 lo0.75] 0.77 0.85] 0.85
70-30 .638| .69 | .ez| .85 .73 .71 | .81| .s8
30-70 c.781 .77 | .80l .88 |}C.90| ©.88 | .87] .90
0-100 471 .84 | .o0] .96 .92 .85 ] .92| .97

“Tost conditions: Ihp, 55; head ccolunt flow rate, 70 1b/min;
coolent pressurs, 19 1b/sq in. absoluto.

Pryst condltions: Ihp. 48; head coolant-flow ratoe, 126 1b/min;
coclant pressurs, 60 1b/sq in. absolute.

CThe coolant was actually 35 percent-82 percent glycol-water.

For the samc coolant, the hoad temperatures prosonted in fig-
ures 18 and 19 agrvco within apvroximatoly 5° F with a slightly
larger deviation (approximatcly 11° F) obtalned with water et the
high average coolant temperaturve. The barrel temperatures pre-
sentecd in figuro 18, of course, arv not comperable with the lntor-
mediate temperatures presented in figure 19.

In the comparieon of figures 20 and 21, thev head temperatures
obtained with water differ by only 3° F und the data obtained with
both the nominal 30 percent-70 percunt and the nominal 70 percent-
3C percent glycol-watur mixturus agree within approximately 14° F..
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The head temneratures presented in figure 21 for AN-E-2 ethylene
glycol, however, are from avproximately ¢5° F to 55° F lower thau -
the corresponding temperatures given in figuroe 20.

The results shown In figures 18 and 19 are not dlrectly compa-
rable with the results presented ‘n figures 20 and 21 beacanse the
tests f'rom which the results were cbtalned were conducted under
dift'eront operating crnoditions.

Coolent pressure. - Thu effect of coclant preasire cn average
¢yl nder womperat.i'ea Is shown in flgures 14, 17, 19, and 21, es
ubtained r'rom twebte of cylinder B where cach tesbt condltion was
investigated at two 4ifferont c¢.olent nrossurus. Data on the sffect
cf cuelant prigsure on the averego and the maximum hoad temperatures
ars presunted in figure 2z as olLtainod from four toste cenduvcted
with cylindsr A us'ng waler as a coclant. At the hligh cylindor tem-
neratares and liw coolent nresuurca. ducreasing the couolent proessure
slightly decreascd tho cylindor tempuraturss, vhich indlcated that
goemo bnlling was baking placo o, tke hot meotal swrfaces. This effect
is sl!ghtly mor: anctleceable !n the maxzlmum than In tho uvorag: heoad
taupereturvs. To figurea 14, 17, 19, wnd 21, 1t will by sven that

e muxlrnm duere.go of approrimutsly 3 F ia thu averaego boad tumper-
aturv wvas obiainud by decroaslng vhe coolmat pressure from £3 to

12 aorwds por sgrare inch abeolvtu, In figwre 22 at an averapc
conlant temmerature of 200° F , Gocruasing tho coulant pressurs from
60 to 20 pouunds p-r squars inch absoluto resulted in a decreasc of
anproximatoly 13% F in the nvirugs hsad temperature and approximately
16¥ F in ‘he mavimum hcad btempsraturc.

Tho rusults obtained at Wrisub Fleld (Memo. Rep. Ser.
No. EiG-5/-523-218) wlith u Cimbinertal Hypor d-. ) c¢ylinder, indi-
catud almilar offucts of coolant wruscure on clindur tumporatursa.
At reimtivoly h'gh eylinder and coclant tomporaturcs, howover,
Inltial doercas: In coclent presswre rosultud in slightly groater
docruase "n cylindur tumperaturcs than was obtained in tho toets
repurted horein, In odditlon, further rcduction in conlent pris-
surye wveniually rvsuvlted in Increasod cylindour temporatures probably
owing to the trunsitlon of beliilng from thu nuclear to the £1ilm
phazs. Film-pnuge belling -vidently wan nol reached in thu presunt
investiqgution.

Ceolant campesition. - Thy effoct of coclant cumpositicn on
average cyl ndor Stumpuraturcs jg shown in fifgurss 16 to 21. The
avurare oylindor tompuraturs cbtuined with AN-E-2 othylenc glycol
wisre higher than thoe corr.sponding tumporaturcg obtainusd with
olthor watur or the mure aguwous cthyleno-glycol gelubtions. The
following tablu 1lizts the mesn tumpersture difforcncou b.otwoen the
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averags cylinder temperaturos obtainod with AN-E-2 ethylens glycol
and thosoe obtained withk ocach of the cthor agueous solutions tostod:

Coolant, Average temporature difference, OF
glycol- Cylindor A |Cylinder B |Cylindor A
wateor (f1g. 16) | (fig. 17) (f1g-. 18)
gpeiggﬁe) Head! Barrul |Heed | Inter- [Hoad|Barrel
7 modlate
70-30 32 25 19 16 27 23
30-70 |842 | 831 45 30 &47 | 239
0-100 63 47 55 | 39 63 53
——— 1 r—— ——
Coclant, Average tempurature diftorence, °F
glycol- Cylindur B [Cylindir A |Cylinder B
water (flp 19) (rig. 20) | (fig. 21)
(purcon_l; .Fba.d.llnter- Hend {Barrol|Ecad | Inter-
by volume)) [acd1ats nudliato
70-30 23 14 22 10 4 8
50-70 a7 30 235 | B2 2% 18
0-1Cd 58 38 €2 42 52 25

8The coolant wes actially 38 nmorccct-62 parcont
glycol-water.

Tho discrepancy botweon tino Ltvmneorature difforunces fram fig-
uro 21 and the otacvr sovmperaturo dlfr':ronces ia probabtly diww to
scmu orraor in the Al-E-2 othylubpe-glycol date prosvniod in figurs 21.
(It wus provt chsly pointod rut that thesu dete are {'rom approximatcly
257 F +¢ 35° F iowor than crmparable data proscnted In fig. 20.)

Rulation butwuon Cylinder Tompuraturos

Maximun and avirsgo cyjlindcr temporaturcs. - Figuros 23 and 24
show the lincar rolations satwdon tho evurage acd tne maximm cyl-
indcr tuemporaturss of cylinder A and oylinder B, rcspoctively, for a
wide range of englne ond cc,ol st conditicons. Tho maximum head tcom-
pereturo was approximatoly 55° F highor than tho avorago houd tom-~
peraturo in crylinder A (f1g. 23) and approximately 60° F highor in
cylindocr B (fig 24). Thu meximum barrel tamporaturv of cylindecr A
vas epproximatuly 17° F higher ihan tho avsragu berrol temporature.

The rulations shown in thusc and in flgurus 25 to 28 aro repre-
gontative of ell tho dnta proscnted iIn the originel deta tablos
although only o portion of tho date arc plotted in oach fipgure.,
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Exhaust-valve-guide end head temperctures. - The linear rela-
tions betwesen the exhaust-valve-gulde temperaturo (thermocouple 24)
and the head temperature of cylinders A and B are presented in fig-
ures 25 and 26, respectively. The rosults are fiom the seme tests
from which data aro presunted in figures 23 and 24. The exhaust-
valve-gulde temperature 1s approximately 13° 7 higher than the heed
temperature in cylirder A (fig. 25) and approximately 36° F higher
in cylinder B (fig. 26). The rolations obtained ere quite consilst-
ent considering that the temperature of the exnaust-valve gulde may
be affected by wearlrg of the valve gulde and by exhaust ges escaplng
around the valve suem.

Ligaid-side head szd hoad temperatures. - The linear variation
of the llquid-aide hend temnerature with tne head temperature 1s
shovn In figure 27 for teste conductad with cylinder A over a wide
range of engine and ccolunt conditlous. The liquld-side head tem-
perature was approximately 55° F lowor than the head temperature.
The relation is good considering that the liquid-side head tempera-
ture was determined from the average of only Iour thermocouples
(2¢ to 27, fig. 2).

Flgure 28 ehows similar data from tes:s conducted with cylin-
dor B. It will be recalled that witk tixls cylinder tho liguid-side
heatt temperature was obtalned {from tha gverage of only three thermo-~
couples (24 25, anc 27, fig. 4). The liquid-side head temperature
of cylinder B (fig. 28) wes approxjastoly 44° F lower than the head
temperaturs.

SUMMARY COF KESULTS

For the renge of condltions investigated 1n tests wlth the two
cylinders ccoled with varioue agueous ethylene~glycol solutlons, the
average cyllndor temperatures:

1. Increascd nesrly linearly with charge-flow rate (alr plus
fuel) and indicated horsepowur.

2. Increased a relatively small amount for an increase in
carburetor-alr temperature.

3. Increased rapldly at a corstant charge-flow rate as the fuel-
air mixture was cnriched to a fuel-air ratio of 0.067 and docroased
with further enxriching.

4. Increased practically lincarly with an increass in spark
adgance from 20° to 42° B.T.C. but changwd leoss rapidly from 12° to
20¥ B.T.C.
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5. Deocreased a relatively small amownt for an inorease 1in
coolant-flow rate for most of the solutions tested.

‘8. Increased nearly linearly with an Increase 1ln the average
coolant temperature for the solutions tested.

7. Increased slightly wlth an increase in coolant pressure
but only et the high average cylinder temperatures.

8. Were lower with water or the more aquecus ethylens-glycol
solutions than with AN-E-2 ethylesne glycol.

The numericael relations obtained between the average cylinder
temperatures and each of the variables investigated were dependent
upon the values of the other englne and coolant conditions under
which the particular variable was investigated.

Alrcraft Engine Research Laboratory,
National Advisory Commitvee for Aercnautics,
Clevelend, Ohio.
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1b/sq in. absolute

TABLE 1. — SUMMARY OF TESTS COIDUCIED WITH CYLINDER A AND CYLINDER B
Goolant,
glycol~
Variable Range of |.ater Cylinder A Cylindsr B
variable |(nominal
percent
by volume) nuas Runs
Enginz speed, rpm 1050-2769 97-3 1-10, 51-52, &-73 153-162
J-1CC 60-73, 122-137, 356-385
Manifold presswrs, | 21.0-39.0 97-5 12-23, L1-9, 1,7-153 1531178
in. Hg absolute : 0-130 LL-59, 350-365, 386-337
Carburetor-air 30222 7~3 111-117, 1%c-1'o
temperaturs, °F
" |Fuel-air ratio 0.Ch2-c. 1211 97-5 55-110
G-10s 325-3L9
. |Spark advance, 12-12 97-3% 112-127
degrees B.T.C.
Coolant~flow rate, | 10.0G-128.3%] 97-3 2010, 7522, 353-379, U1-152, 207-220
15/qin 333101
70-30  |177-132, 139-19%, L1o-L21 |232-2l5, 258-271
20-7C  1195-2Ch, 211-218, L36-40,1,] 28,-297, %08-321
Wé-hs1, L5%-L70
_ 0-120 |160-176, 278-28L, 319-335 | 74-87, 93-111, 298-411
Average coolant 90.G-311.0{ 97-3 839, 8128-139, 38(-387, |179-206
temperature, °F Lo2-1,09 '
7G—-%0 184-158, h22-hs5 221-231, 246-257
30-70  |205-210, L)2-l5, L52-l.58 [272-285, 298-307
0-100 |154-159, 273277, 337-341 |83-97, 112-121, Lio-121
Coolant pressure, 17-75 N~-100 | 3;2-367

acoolant flow also varied.

National Advisory Committee

for Aeronautics
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Figure 13.- Efféct of fuel-air ratio on average head and barrel-

temperatures. Cylinder A; coolant, AN-E-2 ethylene glgcol;
average coolant temperature: head, 2490 F, barrel, 247 F;
coolant-flow rate: head, 7> pounds per minute, barrel, 30

pounds per minute; coolant pressure, 19 pounds per square inch -
absolute; engine speed, 2000 rpm; Iindicated horsepower, 43 to
54; charge—flow rate, 5.3 to 5.5 pounds per minute; spark
advance, 28° B.T.C.; carburetor—air temperature, 80° F; runs,
95 to 110. -
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Figure 20,- Effect of aversge coolsnt temperature on average head and barrel temperatures using
various glycol-water solutions at a head coolant-flow rate of approximately 125 pounds per minute
and & barrsl coolant=flow rate of 46 pounds per minute. Cylinder A; coolant pressure; head,

60 pounde per square inch Absolute, barrel, 42 pounds per square inch absolute; engine spesd,
1800 rpm; indicated horsepower, 48; charge-flow rate, 4.6 pounds per minute; fuel-air ratlo,
0,078; spark sdvance, 28° B.T.C.3 carburetor=-air temperature, 86° F.
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Figure 27.= Relation between average liquid-side hesd and average head temperatures under
various operating conditions, cylinder A,
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Figure 28,~ Relation between average liquid-side head and average head temperatures \mdor
vu-!.oul operating conditions, cylinder B.
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